INTRODUCTION
============

Kawasaki disease (KD) is an acute febrile vasculitis syndrome involving medium-sized blood vessels and is most common in children. It is often complicated by coronary artery abnormalities (CAAs), and has become a leading cause of acquired heart disease worldwide.[@B1] The etiology is unknown, but the disease is characterized by clinical manifestations and laboratory features typically associated with systemic inflammation. If clinical manifestations are not diagnostic, laboratory features commonly observed in those with complete KD (cKD) can be used to support the diagnosis of incomplete KD (iKD).[@B1][@B2] However, it is not determined whether, unlike clinical manifestations, the laboratory features of iKD are complete during illness, compared with those of cKD. Considering that iKD is a known risk factor for the development of CAAs,[@B3][@B5][@B6][@B6][@B7] the laboratory profiles of iKD need to be defined to assess the factors predicting CAAs.

Knowledge of the typical patterns of laboratory markers in KD over time is important, not only from a diagnostic point-of-view but also for estimating disease progression. Among the many laboratory markers associated with KD, complete blood cell counts/profiles and acute phase reactant levels change over time.[@B8] For example, during the acute febrile phase of KD, most patients show both an increased white blood cell count with a predominance of neutrophils and elevated levels of acute phase reactants.[@B1][@B8][@B9] During defervescence, neutrophilic leukocytosis tends to decrease. Platelet counts increase during the second week after disease onset, and return to normal 4 to 8 weeks after disease onset.[@B1][@B8] Thus, laboratory markers change dynamically throughout the entire course of the disease. The careful monitoring of dynamic changes during periods of KD could assist in arriving at a correct diagnosis. In this study, we compared the dynamics of laboratory markers in iKD with those in cKD and other febrile diseases. Then, we assessed if there were any specific to iKD or cKD and also whether or not they correlated with the development of CAAs. Monitoring such changes could help in the assessment of iKD as a known risk factor for CAAs.

METHODS
=======

Subjects
--------

This retrospective cohort study reviewed the medical records of consecutive patients with KD who were treated with intravenous immunoglobulin (IVIG) at Korea University Medical Center between January 2008 and December 2014. Patients were classified as having cKD if they exhibited 4 or more of the principal clinical manifestations of KD, in addition to the typical fever associated with this disease.[@B1] Patients were classified as having iKD after exclusion of other diagnoses if 2 or 3 manifestations of KD plus fever were supported by symptoms often associated with KD and by increased inflammatory indices.[@B1] Of the patients with iKD, only those who exhibited typical late subacute manifestations, such as desquamation or thrombocytosis, were included in the analysis. Normal echocardiographic findings did not exclude a diagnosis of iKD. The study included only those patients who underwent laboratory analysis of complete blood cell counts, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) concentrations during the acute febrile phase before IVIG treatment and at 2 days (subacute phase) and 3--4 weeks (convalescent phase) after defervescence. The neutrophil-to-lymphocyte ratio (NLR) was calculated by dividing the neutrophil count by the lymphocyte count. The age-adjusted hemoglobin concentration was calculated using the following equation[@B8][@B10]:

Age-adjusted hemoglobin concentration=(observed hemoglobin level−mean hemoglobin level for age)/standard deviation for age

All patients were treated with IVIG (2 g/kg). Patients who were febrile more than 48 hours after IVIG completion were defined as IVIG-resistant, in which case they received a second dose of IVIG. Those continuing to show IVIG resistance were treated with intravenous methylprednisolone and an oral steroid. Echocardiograms were performed during the acute febrile phase and repeated 3--4 and 8--10 weeks later. A CAA was diagnosed according to the criteria of the Japanese Kawasaki Disease Research Committee[@B11]: a CAA at any time was considered, regardless of later resolution. The CAA group was further subdivided into 2 groups depending on whether it is diffuse ectatic or localized saccular: those with coronary artery dilation and those with an aneurysm. The febrile control group included patients less than 5 years of age who had a fever exceeding 38°C for more than 4 days plus at least one clinical criterion of KD during the same time period. Laboratory parameters of the cKD and iKD groups were compared with those of the febrile control group during the acute febrile phase and, if possible, 2 days after defervescence. This study was approved by Institutional Review Board of Korea University Guro Hospital (approval number: KUGH10229 ).

Statistical analysis
--------------------

Statistical analyses were performed using SPSS 20 software (SPSS Inc., Chicago, IL, USA). Data were expressed as the median Q2 value (25th percentile Q1, 75th percentile Q3). Continuous variables were compared using the Mann-Whitney U test to estimate the significance of incidence. Categorical variables were compared using the χ^2^ or Fisher\'s exact test, as appropriate. To examine the significance of changes in laboratory markers over time within each group, Wilcoxon signed rank tests were performed. Variables that showed significant differences between the groups on univariate analysis were tested again by multivariate logistic regression analysis. A p value \<0.05 was considered to indicate statistical significance.

RESULTS
=======

The study included 795 patients: 178 with iKD, 504 with cKD, and 113 febrile controls. To enable comparison under the same conditions, only KD patients treated with IVIG were included. The most common diagnosis in the febrile control group was viral exanthem, which was observed in 70 patients, followed by pharyngoconjunctival fever (n=25), pharyngitis (n=15), and infectious mononucleosis (n=3). The demographic and clinical characteristics of the subjects are shown in [Table 1](#T1){ref-type="table"}. Patients in the iKD group were younger than those in the cKD group. Patients in the 2 KD groups experienced more days of fever and more KD-compatible symptoms than the febrile controls. Duration of fever prior to IVIG treatment was longer in the iKD group than in the cKD group, suggesting delayed treatment in the iKD group, but there was no difference in IVIG resistance between the 2. CAAs were more common in the iKD group than in the cKD group.

###### Demographic and clinical characteristics of patients with complete or incomplete KD and of febrile controls

![](kcj-48-287-i001)

  Variables                           Complete KD (A; n=504)   Incomplete KD (B; n=178)   Febrile controls (C; n=113)   p value              
  ----------------------------------- ------------------------ -------------------------- ----------------------------- --------- ---------- ----------
  Male (%)                            292 (57.9)               107 (60.1)                 70 (61.9)                     0.598     0.382      0.713
  Age (months)                        30.0 (14.0, 46.0)        26.0 (10.0, 44.0)          27.5 (15.8, 58.3)             0.033     0.197      0.009
  Pre-IVIG fever (days)               5 (4, 5)                 5 (5, 7)                   \-                            \<0.001   \-         \-
  Post-IVIG fever (days)              2 (1, 3)                 2 (1, 4)                   \-                            0.086     \-         \-
  Total fever (days)                  7 (6, 8)                 7 (6, 9)                   5 (5, 6)                      \<0.001   \<0.001    \<0.001
  Number of symptoms (except fever)   4 (4, 5)                 3 (2, 3)                   2 (1, 2)                      \<0.001   \< 0.001   \< 0.001
  IVIG resistance (%)                 173 (34.3)               74 (41)                    \-                            0.074     \-         \-
  CAA (+) (%)                         40 (7.9)                 29 (16.3)                  \-                            0.001     \-         \-

Data are expressed as the median Q2 value (25th percentile Q1, 75th percentile Q3).

CAA = coronary artery abnormality; IVIG = intravenous immunoglobulin; KD = Kawasaki disease.

Laboratory markers measured during each phase of disease are summarized in [Figure 1](#F1){ref-type="fig"}. At each phase, neutrophil and eosinophil counts and ESR did not differ significantly between the 2 KD groups, although in both cases all parameters were significantly higher than those in febrile controls. Also, at each phase, the age-adjusted hemoglobin levels were significantly lower and platelet counts and CRP levels significantly higher in the 2 KD groups than in febrile controls. However, comparison of these parameters between the 2 KD groups revealed lower age-adjusted hemoglobin and higher platelet counts in the iKD group, and higher CRP levels in the cKD group. Serum ferritin concentrations at each phase did not differ significantly among the 3 groups.

![Laboratory profiles of IVIG -treated patients with cKD, iKD, and febrile controls. The 3 phases are defined as acute (febrile phase before IVIG), subacute (2 days after defervescence), and convalescent (4--6 weeks after defervescence). Box plots show the median values, with the 25 and 75 percentiles. Ferritin data were obtained from 121 patients with cKD, 51 with iKD, and 22 febrile controls during the acute phase, from 99 patients with cKD and 41 with iKD during the subacute phase, and from 71 patients with cKD and 33 with iKD during the convalescent phase.\
cKD = complete Kawasaki disease; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; iKD = incomplete Kawasaki disease; IVIG = intravenous immunoglobulin.\
^\*^Indicates a p\<0.05, ^†^Indicates a p\<0.001.](kcj-48-287-g001){#F1}

Over the course of disease, laboratory markers in the 2 KD groups showed similar patterns in [Figure 1](#F1){ref-type="fig"}. Neutrophil counts and NLRs were highest during the acute febrile phase but then decreased, whereas lymphocyte counts were lowest during the acute febrile phase and increased thereafter. Eosinophil counts were lowest during the acute phase and highest during the subacute phase. Low age-adjusted hemoglobin levels during the acute phase became even lower during the subacute phase before increasing again. Platelet counts increased from the acute to the subacute phase and then decreased. CRP levels were highest during the acute phase. A high ESR during the acute phase became even higher during the subacute phase. Most of the laboratory markers of the febrile controls showed patterns similar to those of the 2 KD groups, apart from age-adjusted hemoglobin levels and platelet counts, the levels of which remained steady during the subacute phase.

The clinical and laboratory findings that differed between the KD groups were further analyzed with respect to coronary artery outcome in [Table 2](#T2){ref-type="table"}. Coronary artery dilation was more common in the iKD group than in the cKD group (13.5% vs. 6.0%, p\<0.05), whereas IVIG resistance was associated with coronary dilation only in the cKD group (63.3% vs. 31.9%, p\<0.001). For the iKD group, the duration of fever prior to IVIG therapy was longer in patients with a CAA than in those without a CAA (7 vs. 5 days, p=0.005). In the cKD group, the acute NLR was significantly higher in patients with a coronary aneurysm than in those without a CAA (8.7 vs. 3.1, p=0.009). In both KD groups, acute and subacute age-adjusted hemoglobin concentrations were lower and subacute platelet counts higher in patients with coronary artery dilation than in those without a CAA. To identify factors predicting CAA over the course of disease, multivariate analysis was performed by entering significant variables from the univariate analyses in [Table 3](#T3){ref-type="table"}. IVIG resistance correlated with coronary dilation only in the cKD group (odds ratio \[OR\], 3.039; p=0.046). Although treatment in the iKD group was delayed more in patients with a CAA than in those without a CAA, total fever days rather than pre-IVIG fever days correlated with the risk of coronary dilation (OR, 1.302; p=0.029). Among laboratory markers, subacute platelet counts in the cKD group (OR, 1.004; p=0.014) and acute and subacute age-adjusted hemoglobin concentrations in the iKD group (OR, 0.538 and 0.583; p=0.006 and 0.018, respectively) predicted coronary dilation. The risk of coronary aneurysm correlated with days of total fever (OR, 1.263; p=0.007) and an acute NLR (OR, 1.059; p=0.044) only in the cKD group.

###### Laboratory markers of patients with complete and incomplete KD according to coronary artery outcome
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  Variable                           Complete KD (n=504)   Incomplete KD (n=178)                                                                   
  ---------------------------------- --------------------- ----------------------- -------------------- ------------------- ---------------------- -------------------
  Number (%)                         464 (92.1)            30 (6)^\*^              10 (2)               149 (83.7)          24 (13.5)^\*^          5 (2.8)
  IVIG resistance (%)                148 (31.9)            19 (63.3)^†^            6 (60)               60 (40.3)           11 (45.8)              3 (60)
  Pre-IVIG fever (days)              5 (4, 5)              5 (4, 5)                4 (2.75, 7)          5 (4, 6)            6.5 (5, 7.5)^‡^        10 (5, 12.5)^‡^
  Total fever (days)                 7 (6, 8)              7 (5.75, 11.25)^‡^      6.5 (5.75, 14)       7 (5, 8)            7 (7, 10.5)^‡^         11 (8.5, 13)^‡^
  Acute NLR                          3.1 (1.8, 5.2)        2.6 (1.7, 3.9)          8.7 (2.6, 13.3)^‡^   2.7 (1.6, 4.8)      2.5 (1.0, 6.4)         2.6 (1.7, 5.4)
  Subacute NLR                       0.7 (0.4, 1.1)        0.9 (0.4, 1.7)          1 (0.6, 2)           0.7 (0.4, 1.1)      0.7 (0.3, 1.4)         1.1 (0.5, 3.1)
  Acute age-adjusted hemoglobin      −1.3 (−2.1, −0.4)     −2.0 (−3.2, −1.0)^‡^    −1.3 (−1.8, −0.4)    −1.5 (−2.5, −0.9)   −2.1 (−3.2, −1.4)^‡^   −2.1 (−4.0, −1.2)
  Subacute age-adjusted hemoglobin   −2.1 (−2.9, −1.3)     −2.7 (−4.1, −1.7)^‡^    −1.9 (−2.4, −1.4)    −2.4 (−3.2, −1.6)   −3.6 (−4.3, −2.5)^‡^   −2.3 (−3.3, −2.0)
  Acute platelet (K/mL)              331 (275, 396)        372 (301, 438)          306 (254, 430)       373 (314, 443)      355 (298, 455)         414 (287, 491)
  Subacute platelet (K/mL)           434 (339, 534)        592 (439, 777)^†^       488 (366, 614)       508 (458, 632)      612 (500, 827)^‡^      482 (476, 579)
  Acute CRP (mg/L)                   81 (46, 126)          99 (59, 145)            75 (57, 129)         67 (41, 110)        44 (33, 96)            104 (55, 160)

Data are expressed as number (percentage) or as the median Q2 value (25th percentile Q1, 75th percentile Q3).

CAA = coronary artery abnormality; CRP = C-reactive protein; IVIG = intravenous immunoglobulin; KD = Kawasaki disease; NLR = neutrophil-to-lymphocyte ratio.

^\*^Significantly different between groups with complete and incomplete KD at p\<0.05; ^†^Significantly different from CAA (−) group at p\<0.001; ^‡^Significantly different from CAA (−) group at p\<0.05.

###### Univariate and multivariate analyses of risk factors according to coronary artery outcome in KD patients
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  Variables                          Univariate      Multivariate                                                                             
  ---------------------------------- --------------- ------------------------ --------- -------------- --------------- ------- -------------- -------
  Coronary dilation                                                                                                                           
                                     Complete KD     IVIG resistance          3.455     1.689--7.068   0.001           3.039   1.154--9.424   0.046
  Days of total fever                1.245           1.097--1.391             \<0.001   1.037          0.622--1.160    0.806                  
  Acute age-adjusted hemoglobin      0.653           0.502--0.843             0.001     0.888          0.491--1.107    0.485                  
  Subacute age-adjusted hemoglobin   0.739           0.560--0.975             0.032     0.989          0.641--1.526    0.961                  
  Acute platelets                    1.004           1.001--1.007             0.016     1.003          0.992--1.005    0.353                  
  Subacute platelets                 1.005           1.002--1.006             \<0.001   1.004          1.001--1.007    0.014                  
                                     Incomplete KD   Days of pre-IVIG fever   1.243     1.024--1.517   0.03            1.016   0.944--2.236   0.635
  Days of total fever                1.240           1.068--1.443             0.007     1.302          1.093--2.156    0.029                  
  Acute age-adjusted hemoglobin      0.649           0.455--0.919             0.016     0.538          0.377--0.823    0.006                  
  Subacute age-adjusted hemoglobin   0.580           0.436--0.907             0.01      0.583          0.420--0.758    0.018                  
  Subacute platelets                 1.004           1.001--1.006             0.012     1.005          0.998--1.012    0.14                   
  Coronary aneurysm                                                                                                                           
                                     Complete KD     Days of total fever      1.308     1.108--1.525   0.001           1.263   1.064--1.484   0.007
  Acute NLR                          1.069           1.019--1.124             0.007     1.059          1.003--1.120    0.044                  
                                     Incomplete KD   Days of pre-IVIG fever   1.557     1.148--2.116   0.005           1.575   0.413--2.423   0.244
  Days of total fever                1.828           1.104--1.928             0.008     1.308          0.120--2.852    0.606                  
  Subacute NLR                       4.946           1.088--5.249             0.029     5.817          0.831--40.707   0.076                  

CI = confidence interval; IVIG = intravenous immunoglobulin; KD = Kawasaki disease; NLR = neutrophil-to-lymphocyte ratio; OR = odds ratio.

DISCUSSION
==========

In this study, although clinical manifestations are incomplete in iKD patients, their laboratory marker profiles in terms of complete blood cell counts and acute phase reactant levels during illness are not intermediate between those of cKD patients and those of febrile controls. This cannot be accounted for by the treatment modalities. The complete blood cell profiles of IVIG-untreated KD patients within the first 20 days of illness are similar to those of IVIG-treated patients.[@B8] IVIG-induced hemolytic anemia can occur after IVIG therapy[@B12][@B13]; however, it is rare and was not observed in the present study. Steroids used to treat IVIG-resistant KD patients can also induce hematological changes; however, because similar proportions of cKD and iKD patients received steroids (3.6% vs. 3.4%), they are unlikely to have had an effect on the conclusions of this study.

Inflammation suppresses erythropoiesis, thereby inducing normocytic and normochromic anemia.[@B14] Because the KD patients in the present study had normocytic and normochromic red blood cells (as did the febrile controls) (data not shown), anemia shown by low age-adjusted hemoglobin levels may indicate the presence of active inflammation. Also, platelet counts are known to increase in proportion to the number of fever days, suggesting that increased counts may reflect a longer period of inflammation.[@B15] During the transition from the acute febrile to subacute afebrile phase, progressions in the patterns of age-adjusted hemoglobin levels and platelet counts of both iKD and cKD patients significantly differ from those of febrile controls. They seem to reflect the presence of ongoing inflammation even after defervescence, which might be KD-specific. However, whether they indicate the presence of inflammation requiring intervention, or slow recovery, is unclear. Considering that levels of age-adjusted hemoglobin and platelet counts mirror the presence of inflammation and the fact that extensive inflammation is a known risk factor for CAA, it is not surprising that KD patients with coronary artery dilation had lower age-adjusted hemoglobin levels and higher platelet counts than KD patients with no CAA. Lower acute age-adjusted hemoglobin levels in iKD patients with coronary dilation could be accounted for the delay in diagnosis, but while cKD patients were timely diagnosed, acute age-adjusted hemoglobin levels in patients with coronary dilation were not different according to the phenotype. Furthermore, multivariate analysis in iKD patients showed that total fever days rather than pre-IVIG fever days correlated with the risk of coronary dilation. In this study, the factors predicting coronary dilation differ according to the phenotype, i.e., lower acute and subacute age-adjusted hemoglobin levels in iKD patients whereas higher subacute platelet counts in cKD patients. The underlying mechanism behind the differences is not clear, but possibly, the nature of the factors that drive inflammation during illness might differ timewise between iKD and cKD patients. Nevertheless, subacute levels of age-adjusted hemoglobin and platelet counts can be used not only as KD-specific markers but also as predictors of coronary dilation in iKD and cKD patients, respectively.

The NLR reflects the balance between inflammation and immune regulation in KD.[@B16] The high acute ratio in cKD patients with a coronary aneurysm suggests a role for neutrophilic inflammation in aneurysm formation. But it was observed only in cKD patients. After fever subsides, the NLRs in this study were about 1 or less regardless of the presence of a CAA and did not differ between cKD and iKD patients. We previously observed that IVIG-resistant febrile KD patients had a high NLR.[@B16] Together, these results suggest that neutrophils are major players during the febrile phase of KD, and that, once fever subsides, the NLR does not predict the risk of a CAA.

A previous study showed that eosinophils preferentially accumulate in epicardial microvessel lesions in patients who die from KD.[@B17] Both the present study and that of Tremoulet et al.[@B8] revealed increases in eosinophil numbers during the acute phase and further increases thereafter. Since patients not treated with IVIG also showed increases in eosinophil numbers after the acute phase (data not shown), this increase does not seem to be related to IVIG treatment. Because we found no difference in eosinophil counts between cKD and iKD patients, or between patients with and without a CAA, the role of eosinophils in KD patients remains unclear.

Although treatment was delayed in iKD patients with CAA, only more days of total fever are associated with the development of CAA in both iKD and cKD patients. In cKD patients specifically, IVIG resistance is a risk factor for CAA not only alone but also because it is associated with a longer duration of total fever, emphasizing the importance of initial intensive treatment if laboratory profiles are predictive of IVIG resistance.[@B18][@B20][@B20][@B21][@B22]

This study has some limitations. Mainly, this is a retrospective study and is thus subject to bias. We carefully examined all cases and included those by consensus. Also, we only examined blood cell counts and prototypic acute phase reactant levels because other laboratory markers were unavailable for pairwise comparison over time. Nevertheless, laboratory markers we examined in this study are the most easily available and inexpensive markers. Most of laboratory markers were significant only in patients with coronary artery dilation. It is unclear whether these findings are restricted to patients with coronary artery dilation because the small number of patients with a coronary aneurysm limited the power of this study. The roles of neutrophilic inflammation in aneurysm formation in iKD patients need to be defined. Finally, other factors affecting the level of age-adjusted hemoglobin, such as iron reserves, in different ethnic groups should be considered before the age-adjusted hemoglobin is used as a KD-specific marker.

In conclusion, laboratory marker profiles of iKD are not incomplete compared with those of cKD in terms of complete blood cells and acute phase reactants, but the factors predicting coronary dilation differ according to the phenotype, i.e., lower acute and subacute age-adjusted hemoglobin levels in iKD and higher subacute platelet counts in cKD. Further studies are needed to elucidate whether they reflect an intrinsic difference between iKD and cKD patients.
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